Active sucrose uptake by discs of mature sugar beet (Bew vadai L cv GW-D2 and USH-20) root tssue shows a biphasc de nce on external sucrose. At concentrations up to 20 mill r sucroe, the active uptake mechanism appears to approach saturation, with an appaet K,, of 3.6 milhnmolar. At Sucrose gradients between source and sink regions can be maximized by increasing assimilate levels at the site of phloem loading in leaves (4) or by reducing the concentration of sucrose at the site of phloem unloading (13). Although the mechanism controlling phloem unloading of sucrose is not known, the concentration ofthe sucrose pool at the unloading site will presumably influence the rate of unloading. The sucrose pool into which phloem unloads may be in the cell wall free space in a number of economically important sinks, ie. soybean cotyledons (28), corn kernels (3), sugar beet taproot (27), and sugarcane (8). Therefore, the ability of economically important sinks to maintain low apoplastic sucrose concentrations either by metabolism or uptake should enhance their mobilizing ability relative to other sinks.
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An understanding of photosynthate movement into and within economically important sink regions of crop plants is necessary to evaluate some of the potential parameters controlling crop productivity and yield. In sugar beet, sucrose is not hydrolyzed during transport from the source leaves into the vacuoles of parenchyma cells of the root (6, 32) . Wyse (32) found that sucrose uptake in sugar beet roots was linear between concentrations of I and 500 mi, occurred against a sucrose concentration gradient, and was sensitive to metabolic inhibitors. More recently, Saftner and Wyse (26) showed that sucrose is actively transported into the vacuoles of sugar beet root discs in a manner consistent with an alkali cation/sucrose co-transport mechanism. The objective of this research was to further characterize sucrose uptake into the cytoplasmic and vacuolar compartments of sugar beet taproot sink tissue.
Translocation via the phloem conveys large quantities of photosynthates to specialized sink regions which compete for available assimilates. The ability of a sink region to assimilate translocated sucrose is limited by its relative ability to mobilize photosynthates from supply sources (12, 28) .
The mobilizing ability of a sink region is a function of its relative size, potential growth rate, and capacity to take up and metabolize assimilates. This latter characteristic may influence sucrose gradients between various source/sink regions. These gradients are hypothesized to control carbon flux to sink regions (13, 14) . ' (25) . Discs were incubated with [14Cjaorbitol for 1 h and the "C-sugar in the free space was then quantified by compartmental analysis. From the specific activity of the exteral media at the end of the incubation period and the "C in the free space, the volume of the free space was estimated. The volumes of the cytoplasm and vacuole were estimated from measurements made on electron micrographs of root parenchyma cells.
Sucrose Uptake Measurements. Sets of 30 equilibrated discs were incubated in 3 ml of solution containing specified concentrations of sucrose, mannitol as a counterosmoticum for sucrose, and 10 or 30 mm MOPS4 adjusted to pH 6.5 with 1.0 N KOH either with or without 10-5 M CCCP and with and without various treatments being tested for their effect on sucrose uptake as indicated. The addition of I mm CaCl2 to the sucrose uptake solution did not significantly influence sucrose uptake and thus was not included in the uptake solution. The specific activity of the solutions was about 20 nCi/pmol sucrose provided through appropriate dilution of uniformly labeled ["C4sucrose (6.7 ,uCi/ mol). Incubation was at room temperature (approximately 22°C) unless otherwise indicated. Humidifiedair was slowly bubbled through each vial to prevent anaerobiosis. Incubation times were for 3 to 4 h during which time uptake remained linear. The specific activity of the labeled sucrose solutions did not significantly change during the incubation period.
Sucrose uptake from sucrose solutions containing l0-5 M CCCP was considered as passive sucrose uptake (26) . In an operational but not necesar rigorous sense, metabolically dependent or active sucrose uptae wa calculated by subtacting passive sucrose uptake (uptake in the presence of CCCP) from total sucrose uptake in the absence of CCCP.
At the end of the incubation period, based on the results of the comparmental analysis, each set of disc was washed three times for 3 min each in 8 ml of 200 or 250 mm mannitol to remove labeled sucrose from the cut cells on the surface and over 90% of the sucrose in the free space of the cell wall. Each set of discs was then placed in a liquid tillation vial containing 10 ml of 80% ethanol and the preparation heated to boiling. The vial was immediately capped and allowed to stand overnight at room temperature. Ethanol was removed by boiing, and the residue dissolved in 3 to 4 ml of deionized H20. Radioactivity was determined by liquid scintillation spectroscopy and efficiency was determined by the channels ratio method. The fresh weight of the undamaged tissue from 30 discs was about 0.75 g. This value was used to convert sucrose uptake rates onto a fresh weight basis. All uptake experiments were run at least twice and the data analyzed using a factorial design. RESULTS 
AND DISCUSSION
Compartmenation. Sucrose efflux patterns from root discs of sugar beet indicated three distinct sucrose compartments. These were assumed to be free space, cytoplasm, and vacuole (21, 22) , with the vacuole being the slowest releasing compartment. The tl/2 for release of sucrose were 4,000-9,000, 21, and I min for the vacuolar, cytoplasmic, and free space compartments, respectively (Table I ). The rate constants for the vacuolar, cytoplasmic, and free space compartments were 7.8. IC-, 3.3.10-2, and 6.9. 10-1 mini tively. These data would be consistent with the idea of plant membranes being a major resstance barnier to sucrose movement and with the tonoplast being the most resistant membrane to sucrose release. The same tentative conclusions can be drawn from data collected from similar studies of Kholodova (15) who reported half times of 6.1 min for the free space, approximately 60 min for the cytoplasm, and some 2,000 min for the (Table II) and is strongly inhibited by anaerobiosis (substitution of N2 for air in the bubbling system of incubating tissue discs [26] ). Sucrose accumulation then should depend, either directly or indirectly, upon metabolic energy and be inhibited by inhibitors of metabolism. CCCP is a metabolic uncoupler that increases the apparent proton conductance of membranes including mitochondrial membranes, and reduces the electrochemical potential of H+ across membranes and ATP production. In sugar beet discs, l0-5 M CCCP inhibited CO2 evolution 99%, prevented acidification of the external medium, and decreased sucrose uptake from 1.0 mm or higher sucrose solutions to the same approximate degree as anaerobic treatments. In the presence of 40 mm sucrose, l0-5 M CCCP inhibited sucrose uptake into the vacuole but had no apparent effect on sucrose uptake into the free space or cytoplasm (Table III) . To ensure that the CCCP response was not due to a general perturbation on membrane integrity (30), its effect on glucose uptake was also measured. Glucose transport into the cytoplasm was inhibited by 65% and into the vacuole by 40%o. Only [ CJsucrose was found in the vacuolar compartment after incubation in [14CJglucose. Presumably, glucose is converted to sucrose prior to transport into the vacuole. These data suggest both active and passive movement of glucose at the plasmalemma but primarily a passive (probably exchange diffusion, see below) of sucrose into the cytoplasm at a sucrose concentration of 40 mM. Inasmuch as sucrose uptake into the cytoplasm was insensitive to CCCP at external sucrose concentration of40 mm and barring any deleterious effect to the plasmalemma, vacuolar uptake comprised the active component. Active sucrose uptake has also been reported in isolated vacuoles of red beet root tissue (30) .
Characteristics of Sucrose Uptake. Sucrose uptake into root discs was linear over a minimum of 4 h at external sucrose concentrations of 40 and 400 mm. Analyses of 80%o ethanolic extracts of tissue discs incubated with [14CJsucrose for 4 h showed that over 95% of the label was retained as sucrose. Since sucrose metabolism was relatively low in this tissue system, cellular metabolism probably did not significantly interfere with uptake When discs were exposed to various concentrations of sucrose, the sucrose uptake rate appeared biphasic (Fig. IA) as previously found in a range of plant tissues (7, 17, 19, 30) including sugar beet leaf tissues (23) . Figure IA further shows a linear dependence of uptake rate versus sucrose concentration at concentrations greater than 10 mm as previously reported by Wyse (32) for this tissue. Sucrose uptake was strongly inhibited, and the biphasic nature of sucrose uptake was lost when tissue discs were exposed to l0-5 M CCCP (Fig. 1B, passive uptake) . The uptake in the presence of CCCP was also insensitive to physiological temperature changes (Qlo of 1.0), inhibitors of respiration, and inhibitors of ATPase activity (see below). These are all characteristics of passive transport. Most (>85%) of this passive transport was probably into the cytoplasm because efflux analysis of tissue discs incubated with [14C]sucrose/CCCP solution indicated sucrose uptake primarily into a compartment having a tl/2 of 21 min. Passive sucrose uptake probably involves [14C]sucrose uptake in exchange for unlabeled sucrose because, at external sucrose concentrations below 80 mm, the approximate cytoplasmic concentration (Table  II) , the passive sucrose gradient is from the cytoplasm into the cell wall. The approximately equal sucrose concentrations in the cell wall and cytoplasmic compartments (Table II) lends further support for an exchange diffusion mechanism across the plasmalemma. The sucrose transport that is dependent (directly or indirectly) upon metabolism, and thus sensitive to CCCP, is operationally defined as active uptake. Active uptake showed a pronounced biphasic nature over the concentration range of 1 to 300 mm (Fig. 1B) , was sensitive to physiological temperature changes (Qlo between 2.8 and 3.4 depending on temperature regimes), and was sensitive to inhibitors of respiration and ATPase activity (see below). Most, though perhaps not all (Wyse and Daie, unpublished data), of this active uptake is associated with uptake into a compartment having a long turnover time, presumably the vac- External pH was 6.5. uole. An Eadie-Hofstee plot of this data (Fig. 2) (Fig. 3) . Similarly, partial inhibition of respiration using a suboptimal concentration of CCCP reduced the active sucrose uptake rate about 70%, but sucrose uptake again showed no signs of saturating at sucrose concentrations above 40 mM (Fig. 4) . Table IV shows that the putative ATPase inhibitors DES and DCCD, at concentrations which inhibit ATPase activity in red beet vacuoles (29) , both strongly inhibited active sucrose uptake. Oligomycin, a known mitochondrial ATPase inhibitor in other plant systems, also strongly inhibited active sucrose uptake in sugar beet tissue (Table IV) . However, oligomycin has been reported to have little effect on tonoplast ATPase activity of vacuoles isolated from red beet tissue (29) . Therefore, oligomycin may be acting in a more indirect fashion than DCCD and DES in sugar beet root tissue. The ATPase inhibitor orthovanadate, believed to be a plasmalemma-specific ATPase inhibitor, has no significant effect on active sucrose uptake. Penetration of this rather bulky, charged ATPase inhibitor to the cell interior was not verified and thus may not have reached the site of alkali cation-stimulated Mg ATPase.
These findings taken together indirely support the possible correlation between mitochondrial and/or vacuolar ATPase activity and active sucrose uptake in sugar beet root discs.
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